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IN THE DEVELOPMENT OF MILD COGNITIVE IMPAIRMENT

DEFINISANJE PRELOMNE VREDNOSTI VITAMINA B12 KAO ZNACAJNOG FAKTORA U
NASTANKU BLAGOG KOGNITIVNOG OSTECENJA
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Summary

Introduction. The aim of our research is to determine the break-
down value of vitamin B12 in the blood that causes mild cognitive
impairment. Material and Methods. Two hundred respondents
participated in this research. Using screening tests, mild cognitive
impairment was found in 50 patients, while in 150 patients the
cognitive function was preserved. Borderline values and units of
vitamin BI2 concentration were determined according to the stand-
ards of the local laboratory and their reference values ranged from
138.00 to 652.00 pmol/l. Results. Using the t-test for independent
samples, it was determined that there was a statistically significant
difference in the values of vitamin B12 in relation to whether or not
the respondents had mild cognitive impairment (p = 0.000), i.e. that
respondents with mild cognitive impairment — 225.66 had signifi-
cantly lower values of vitamin B12 than those without mild cogni-
tive impairment — 421.06. The statistic analysis revealed that the
area under the receiver operating characteristic curve was signifi-
cantly above 0,5 (0.968) and this result was statistically significant
(p<0.0005). The breakdown value of vitamin B12 was determined
as the maximum product between sensitivity and specificity. Con-
clusion. In this research, we determined that there was a statisti-
cally significant difference in the values of vitamin B12 in relation
to whether or not the respondents had mild cognitive impairment.
Being a significant risk factor for mild cognitive impairment, we
defined the breakdown value of vitamin B12 which induces mild
cognitive impairment of 300.5 pmol/l.

Key words: Vitamin B 12 Deficiency; Homocysteine; Cognitive
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Introduction

It is known that vitamin B12 deficiency is a risk
factor for cognitive impairment but it is not clear what
the limit is, regarding a great range and influence of
other factors. The level of vitamin B12 in blood for
adult persons ranges from 200 - 600 pg/ml or 150 - 650
pmol/l, which may vary depending on the method by
which it is determined.

Vitamin B12 (cyanocobalamin and hydroxocobala-
min) is a compound which contains cobalt and in the
body it turns into important coenzymes: methylcobala-

SaZetak

Uvod. Cilj naseg istrazivanja je utvrdivanje prelomne vrednosti
nivoa vitamina B12 u krvi koja uzrokuje pojavu blagog kognitivnog
ostecenja. Materijal i metode. U ovom istrazivanju ucestvovalo je
200 ispitanika. Pomocu skrining testova kod 50 pacijenata utvrdeno
je blago kognitivno ostecenje, a 150 je bilo ocuvane kognitivne
funkcije. Grani¢ne vrednosti i jedinice koncentracije vitamina B12
odredene su prema standardima lokalne laboratorije i njihove ref-
erentne vednosti krecu se od 138 do 652 pmol/l. Rezultati. Pri-
menom t-testa za nezavisne uzorke utvrdili smo da postoji satisticki
znacajna razlika u vrednostima vitamina B12 u odnosu na to da li
ispitanici imaju ili ne blago kognitivno oste¢enje (r = 0,000), odnos-
no da ispitanici koji imaju blago kognitivno oStecenje (M = 225,66)
imaju znacajno nize vrednosti od onih koji nemaju kognitivna
ostecenja (M = 421,06). Statistickom analizom utvrdeno je da je
povrsina ispod receiver operating characteristic krive znatno iznad
0,5 1iznosi 0,968 i ovaj rezultat je statisticki znacajan (r < 0,0005).
Prelomna vrednost vitamina B12 odredena je kao maksimalni
proizvod izmedu senzitivnosti i specifi¢nosti. Zaklju¢ak. U ovom
istrazivanju utvrdili smo da postoji satisticki znacajna razlika u
vrednostima vitamina B12 u odnosu na to da li ispitanici imaju ili
nemaju blago kognitivno ostecenje 1 kao znacajan faktor rizika
definisali smo prelomnu vrednost vitamina B12 kod ispitanika koja
odreduje pojavu blagog kognitivnog oStecenja i koja iznosi 300,5
pmol/L.

Kljuéne reci: deficit vitamina B12; homocistein; kognitivna
disfunkcija; znaci i simptomi; faktori rizika; referentna vred-
nost

min and deoxyadenosylcobalamin. The term cyanoco-
balamin is usually used for vitamin B12, because most
of this substance enters the organism just in this form.
Researches have shown that vitamin B12 deficien-
cy, besides hematological and gastrointestinal disor-
ders, may lead to neuropsychiatric disorders and symp-
toms such as: neuropathy, cerebellar ataxia, dementia
and mood disorders, occurring as a result of its insuf-
ficient intake, inadequate absorption or reduced usage.
Accurate limit value which causes these disorders in
an organism has not still been precisely defined.
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Abbreviations
MCI —mild cognitive impairment
ROC — receiver operating characteristic

HoloTC - holotranscobalamin
MMA  —methylmalonic acid

Hey —homocysteine
ALT — alanine transaminase
AST — aspartate aminotransferase

Cyanocobalamin participates in the metabolism of
amino acids, regeneration of myelin and creation of
bone marrow cells. Its deficiency causes degeneration
of the lateral and dorsal columns of the spinal cord with
consequent neuropathy. The cognitive dysfunction of
these patients is often followed by irritability, depres-
sion, and in some cases psychoticism [1-3].

Neurological symptoms and disorders caused by the
deficiency of vitamin BI2 are various. In the nervous
system, vitamin B12 acts as a coenzyme for L-methyl-
malonyl-CoA mutase which is necessary for the syn-
thesis of myelin and thus its deficiency leads to myelin
synthesis disorders. Vitamin B12 deficiency may cause
combined neuropathy and myelopathy. The most fre-
quent neurological manifestation of vitamin B12 defi-
ciency is subacute combined degeneration caused by
the degeneration/demyelination of lateral and dorsal
columns of the spinal cord and neuropathy. The chang-
es are most frequently seen in the cervical and thoracic
areas, but they may occur in any part of the central
nervous system except for the brain stem. The symp-
toms of neuropathy and medullopathy can appear
separately or combined and they often precede the
symptoms of anemia and cognitive dysfunction.

Cognitive dysfunction is manifested as mild cogni-
tive impairment (MCI) or dementia. Vitamin B12 is
important in the synthesis of S-adenosylmethionine, an
important methyl donor in many reactions on the level
of the central nervous system. Insufficient synthesis of
S-adenosylmethionine can reduce the synthesis of
monoamine neurotransmitters, and S-adenosylmethio-
nine has an antidepressive function. The deficiency of
vitamin B12 may present as episode of psychosis. Al-
though such episodes are mostly seen in elderly and
middle aged persons, psychotic episodes have also been
described in adolescents [4, 5].

The clinical presentation may vary from behavior
disorders, emotional distancing, psychomotor disorders,
visual and audio hallucinations, insomnia, distrust and
high levels of suspiciousness, believing things that are
not based on reality, depression and anxiety, to suicidal
thoughts. In persons with MCI, not all cognitive func-
tions are impaired and they may not affect everyday
functioning, thus they do not fulfill the main criteria for
diagnosing dementia [6—8].

If MCl is established, it is necessary to determine its
etiology, because timely diagnosis and determination of
the main risk factors may lead to early and complete cure
of the patient. One of the possible reasons for these symp-
toms 1s vitamin B12 deficiency which can be simply
supplemented “per os”” and by parenteral therapy [9—13].

The aim of our research was to determine the break-
down value of vitamin B12 in the blood that causes MCIL.
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Material and Methods

In this research we analyzed prospectively collected
data by using methods of descriptive statistics and test-
ing the hypothesis by t-test. Descriptive statistics in-
cluded measures of central tendency and variability.

Two hundred respondents participated in the re-
search. The following screening tests were used:
mini-mental state examination (MMSE), Montreal
cognitive assessment (MoCA) and Lawton instru-
mental activities of daily living (IADL) scale. Of
200 participants, MCI was found in 50 patients and
150 had a preserved cognitive function. In all the
examinees, concentration of vitamin B12 in the se-
rum was determined by using a routine method of
clinical biochemistry, in an authorized laboratory of
the Health Center. The limit values and units of con-
centration of vitamin B12 were determined by stand-
ards of the local laboratory. They were determined
by taking blood samples and analyzing serum by
chemiluminescent microparticle immunoassay
(CMIA) (analyzer Abbot Alinity) and their reference
value ranged from 138.00 to 652.00 pmol/l. This
value was expressed as numerical continuous value.

To determine the cutoff value of vitamin B12 for
determining MCI, we used the receiver operating char-
acteristic (ROC) curve and the intersection of values
based on the maximum product of sensitivity and spe-
cificity.

Results

The respondents were divided into two groups in
regard to MCL. There were 50 respondents (25%) with
MCI and 150 respondents (75%) in the control group
without MCI.

The respondents were aged between 35 and 65
years, and the average age was 54.18 = 5.90 years. The
respondents in the study group were aged between 45
and 60 years, and the average age was 55.34 + 3.85
years, while in the control group the respondents were
aged between 35 and 65 years, and the average age was
53.79 £ 6.41 years.

The levels of vitamin B12 ranged from 73.8 to
1476.0, and the average level was 372.2 + 153.1. The
levels of vitamin B12 in the study group ranged from
73.8 to 326.6, and the average level was 229.9 & 55.5,
while in the control group the levels of vitamin B12
ranged from 198 to 1476, and the average level was
419.6 + 145.8.

Among the respondents, there were 98 males (49%)
and 102 females (51%). The study group included 24
males (48%) and 26 females (52%), while in the control
group there were 74 males (49.3%) and 76 females
(50.7%) (Table 1).

By applying the t-test for independent samples, it was
determined that there were statistically significant dif-
ferences in the levels of vitamin B12 in respondents with
and without MCI (p = 0.000). The respondents with MCI
— 225.66 had significantly lower levels of vitamin B12
than those without MCI — 421.06 (Graph 1).
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Table 1. Descriptive statistics of the incidence of mild cognitive impairment in relation to gender and marital status
Tabela 1. Deskriptivna statistika ucestalosti blagog kognitivnog ostecenja u odnosu na pol i bracni status

All respondents/Svi ispitanici MCI +/BKO + MCI -/BKO -
No. Percentage No.  Percentage No. Percentage
Broj Procenat Broj  Procenat  Broj  Procenat
Sex Male/Musko 98 24 48 74 493
Pol Female/Zensko 102 26 52 76 50.7
. Lnmartied 19 9.5 3 6 16 10.7
Marrital status ~ Vije u braku
Bracni status Married/U braku 147 73.5 39 78 108 72
Widowed/Udovac 34 8 16 26 17.3
Legenda: BKO — blago kognitivno ostecenje
. . ROCC ROC Kri
Vitamin B12 o urvelROC Kriva
200
Vitamin B12 E 067
mMCl+ mMCI- g 0.4-
5
Graph 1. Level of vitamin B12 in the serum 2
Grafikon 1. Nivo vitamina B12 u serumu 3 0.2
*MCI + - Respondents with MCI)/Ispitanici koji imaju blago kog-
nitivno ostecenje; MCI—- Respondents without MCU/Ispitanici koji
nemaju blago kognitivno ostecenje 0.0 . s

The respondents with MCI had significantly lower
levels of vitamin B12 than those wothout MCI. The
breakdown value was determined as a maximum prod-
uct between sensitivity and specificity (Graph 2). The
area below the curve was considerably above 0.5 and
amounted to 0.968 and this result was statistically sig-
nificant (p < 0.0005) (Table 2). The breakdown value
of vitamin B12, in order to establish MCI of the respond-
ents, was 300.5 (approximate whole number was 300).

Discussion

Vitamin B12 deficiency due to insufficient intake,
inadequate absorption and usability is an important
risk factor for hematological, gastroenterological and
neurological diseases. It is known that B12 deficiency
leads to cognitive impairment. The aim of this study
was to determine the limit value of B12 which predis-
poses cognitive impairment.

Table 2. Sensitivity and specificity of vitamin B12 level
Tabela 2. Osetljivost i specificnost za nivo vitamina B12

00 02 04 06 08 10
1 - Specificity/Specificnost

Graph 2. Maximum product of sensitivity and specificity
Grafikon 2. Maksimalni proizvod osetljivosti i specificnosti

According to the European Food Safety Authority,
the recommended adequate amount of vitamin B12 for
adults is 4.0 pg/daily. Many scientists have been stud-
ying optimum levels of vitamin B12 in blood, as well
as its bio-markers.

In the paper on the metabolism and concentration
of vitamin B12, Obeid, R. et al. determined that the
efficiency of vitamin B12 absorption from food was
40% and daily loss was between 2 and 6 ng/d, and
daily intake of free cyanocobalamin of only 1.5 - 2.5
pg during approximately 4 - 6 months could increase
vitamin B12 in plasma by 50 - 100 pmol/L [14, 15].

In a study including 98 Danish women in post-
menopause, Bor et al. reported that the intake of 6 pg/d

Area St. error p 95% confidence interval/95% interval poverenja
Povrsina Std. greska p Lower bound/Donja granica Upper bound/Gornja granica
968 011 .000 947 989

Area under the curve/Povrsina ispod krive

Test result variable(s): Level of vitamin B12 in the blood/Varijabla(e) rezultata testa: nivo vitamina B12 u krvi
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of vitamin B12 was sufficient for maintenance of the
highest concentration of vitamin B12 and holotransco-
balamin (holoTC), and the lowest concentration of
methylmalonic acid (MMA) and homocysteine (Hcy)
with median (25 - 75 percentile) of 380 (270 - 480)
pmol/L for vitamin B12, 119 (92 - 162) pmol/L for
holoTC, 0.12 (0.14 - 0.17) umol/L for MMA and 9.8 (8.3
- 11.4) umol/L for Hey compared to the intakes lower
than 6 pg/d [16]. A similar study including 299 healthy
persons in the USA, found that the medium levels of
vitamin B12 and holoTC were the highest in the rang-
es of intake between 4.2 and 7.0 pg/d, while the MMA
and Hcy in plasma reached the lowest levels in subjects
who achieved the intake of >7.0 ug/d.d [17].

In a meta-analysis on the association between the
intake of vitamin B12 and biomarkers, Dullemeijer C.
et al. estimated that doubling the intake of vitamin B12
was associated with higher concentration of vitamin
B12 in serum. The difference in the change of vitamin
B12 in plasma, regarding the intake of vitamin B12,
was equal if the intake of vitamin B12 was > 100 pg/d,
which could indicate limited proportional absorption
of vitamin B12 from additional high doses [18].

In regard to the wide reference range, some re-
searches point to the harmful effects of B12 high val-
ues. It has not been proved that high intake of B12 in
food is harmful. Based on the evidence, additional
forms of vitamin B12 are considered to be safe and
there is no upper intake level of vitamin B12. However,
increased concentrations of vitamin B12 in the plasma
of persons who do not take additional vitamin B12 are
described in studies including patients with various
types of cancer, liver diseases or diabetes type 2, which
were later attributed to kidney dysfunction [19, 20]. It
was proved that clearance of one dose radioactively
marked vitamin BI2 was stored in patients with kidney
dysfunction [21]. The studies conducted in hospital
conditions showed that the increased level of vitamin
B12 in plasma is associated with increased levels of
liver enzymes and creatinine or albuminuria [22] as
well as several clinical conditions such as kidney dis-
eases, diabetes, liver disorders (of any etiology), alco-
holism or malignancy [23, 24].

The causes of vitamin B12 deficiency and its con-
sequential clinical manifestations, which affect cog-
nition, include a wide spectrum of pathological con-
ditions: reduced intake of vitamin B12 due to stom-
ach pathology, bowel diseases, inborn selective mal-
absorption of vitamin B12 with proteinuria, chronic
pancreatitis, malabsorption caused by medications,
in increased needs of a body during pregnancy,
hyperthyroidism and presence of tumors [25-28].

The disorders associated with using vitamin B12
play equally important role in vitamin B12 deficiency,
like reduced absorption, although these are rare causes.
These disorders include inborn deficiency of transco-
balamin, with homocystinuria and inborn intrinsic fac-
tor deficiency.

Mild cognitive impairment is the intermediate stage
between the cognitive changes of normal aging and
very early dementia. It is a disorder which precedes
dementia and in many persons it causes memory dis-

orders which are mild and do not disable everyday in-
dependent functioning, but they are still inappropriate
for the patient’s age and education. It has been proved
in many researches that MCI can be caused by defi-
ciency of vitamin B12.

A high level of homocysteine in blood (hyperhomo-
cysteinemia) is a risk factor for diseases in which me-
tabolism depends on B vitamins. The use of vitamin
B12 can reduce the risk of dementia. The vitamin B12
deficiency becomes relevant when cobalamin partici-
pates in formation of purine and pyrimidine, affecting
cell duplication, in the way that these processes can
cause neurological and psychiatric diseases including
cognitive impairments and dementia. This can lead to
deterioration of subcortical damages which are some-
times reversible and if they are recognized in early
phases, the deficiency can be restituted. Cyanocobala-
min use has shown favorable outcomes in various
clinical and epidemiological studies. The question is,
what are the limit values for vitamin B12 deficiency that
can be tolerated by an organism, i.e. that do not lead to
cognitive impairment and other clinical manifestations.

Vitamin B12, together with vitamin B6 and folic
acid, can reduce high doses of homocysteine in blood.
The deficiency of vitamin B leads to low enzyme ac-
tivities for remethylation of homocysteine into methio-
nine. The results of inefficient reaction of methylation
contributes to the development of heart diseases, oste-
oporosis, Parkinson’s disease and Alzheimer’s disease.
Vitamins B are necessary in the synthesis of S-adeno-
syl methionine and for methylation of deoxyribonu-
cleic acid. Methylation is a key mechanism by which a
body deals with toxins, stress and infections.

Between April and October of 2016, a case-control
study was conducted in which the Spearman’s cor-
relation analysis showed that homocysteine has an
important positive correlation with alanine transami-
nase (ALT) and aspartate aminotransferase (AST),
while a negative correlation was determined between
homocysteine, Mini-mental status examination score,
Wechsler Adult Intelligence Scale - revised by China
intelligence quotient, folate and vitamin B12. Lower
levels of folates and hiher levels of Hcy and ALT and
AST were associated with the risk of MCI. Higher
levels of ALT, AST, Hcy and lower levels of folates
were independently related to the risk of MCI [29].

Hyperhomocysteinemia is an independent risk predic-
tor of cognitive decline and can be the result of low level
of vitamins B12, B6 and folates, while adequate intake of
these vitamins can reduce the levels of homocysteine.

A review study of Olaso G. G. et al. aimed to esti-
mate the effects of vitamins B6, B12 and/or folic acid
on the levels of homocysteine in patients with MCL
This review showed that the level of homocysteine in
plasma of patients with MCI who were taking vitamins
B6, B12 and/or supplements of folic acid was reduced
and a statistically significant fall was noticed after 1
month of taking supplements. The results confirm that
taking supplements of these vitamins may be the option
for reducing the level of homocysteine in persons with
MCI and higher homocysteine in the plasma [30].
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Homocysteine is a risk factor for brain atrophy,
cognitive impairments and dementia. Vitamin B12 and
folate are necessary for the methylation of Hcy that is
a risk factor for brain atrophy, cognitive impairments
and dementia.

The study of Fei Ma et al. estimated how the levels
of Hey in the plasma and its biological determinants,
folates and vitamin B12 are associated with MCI and
Alzheimer’s disease in the elderly Chinese population.
Low level of folates and vitamin B12 in blood and high-
er levels of Hey were connected to MCI and Alzheimer’s
disease in the elderly Chinese population and the con-
nection was stronger for Alzheimer’s disease [31].

The research conducted by Stanetic¢ K. et al. showed
that patients with cognitive impairment and dementia
are not fully capable of independent functioning due

to the frequency of falls. They pointed out the impor-
tance of preventing cognitive impairment [32].

Conclusion

In this case-control study, we determined the levels
of vitamin B12 in two groups of respondents: a group
with and a group without mild cognitive impairment.
By applying the t-test for independent samples, we de-
termined that there was a statistically significant dif-
ference in levels of vitamin B12 in respondents with
and respondents without mild cognitive impairment.
As an important risk factor, we defined the breakdown
value of vitamin B12 which is associated with the oc-
currence of mild cognitive impairment of 300.5
pmol/l.
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